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Immunohistochemical characteristics of neurones innervating the porcine uter-
us located in paracervical ganglia were studied with a combination of retro-
grade fluorescent tracing and immunofluorescence. Retrograde fluorescent tracer
Fast Blue (FB) was injected into the uterine horn and uterine cervix. The presence
of biologically active substances, tyrosine hydroxylase (TH), neuropeptide Y (NPY),
vasoactive intestinal polypeptide (VIP), galanin (GAL), Met-enkephalin-Arg-Gly-
Leu (MEAGL) and calcitonin gene-related peptide (CGRP) was studied in FB-
positive neurones localised in paracervical ganglia. FB-positive neurones con-
taining TH, NPY, VIP and MEAGL were numerous, while those containing CGRP
were scarce. The results pointed to some species-related differences in immuno-
histochemical coding of neurones of paracervical ganglion responsible for uter-
us innervation.
key words: neuropeptides, tyrosine hydroxylase, uterus, paracervical
ganglion, pig, innervation
INTRODUCTION
The female pelvic plexus contains numerous nerve
ganglia located in the parametrium at the utero-vagi-
nal junction. This collection of ganglia is termed the
paracervical ganglion or Frankenhauser’s ganglion.
Adrenergic and non-adrenergic neurones located in
the paracervical ganglion innervate the reproductive
organs, urinary bladder, ureter and associated blood
vessels [3–5, 13, 15, 19]. Sympathetic nerve cells of
paracervical ganglion are characterised as “short”
adrenergic neurones to distinguish them from sym-
pathetic nerve cells located in pre- and paraverte-
bral ganglia [18, 19]. Physiological studies suggest
that non-adrenergic neurones located in the gan-
glia of the female pelvic plexus are responsible for
a variety of cholinergic actions, including vasodila-
tation of the uterine arteries [3, 4]. There is also di-
rect morphological evidence that neurones of the
paracervical ganglion, which contain choline
acetyltransferase (an acetylcholine-synthesising en-
zyme), send their axons to the uterus of the rat [23].
Immunohistochemical studies of the paracevical
ganglion of the rat, cat and guinea pig revealed
the existence of several biologically active sub-
stances in its neurones. The substances include va-
soactive intestinal polypeptide (VIP) and neuropep-
tide Y (NPY) [1, 7, 12, 24], galanin [21], enkepha-
lins [10] and others.
Fluorescent tracers, such as Fast Blue (FB), are
particularly suitable for combining tracing technique
with immunohistochemical detection of biologically
active substances. They allow determination of the
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content of the biologically active substances (so-
called immunohistochemical coding) in specific
neurones responsible for innervation of a particular
tissue or organ. As tracing techniques revealed that
the paracervical ganglion is partially responsible for
the autonomic innervation of the uterus in the rat
[11], guinea pig [2] and pig [26], we decided to study
the immunohistochemical characteristics of the
uterus-innervating neurones of the paracervical gan-
glion in the pig. We decided to study the presence
of neuropeptide Y (NPY), vasoactive intestinal
polypeptide (VIP), galanin (GAL), Met-enkephalin-
Arg-Glu-Leu (MEAGL), calcitonin gene-related neu-
ropeptide (CGRP) and tyrosine hydroxylase (TH) in
the pelvic neurones innervating the uterus.
MATERIAL AND METHODS
6 gilts of the White Large Polish breed (c. 10 kg
of body weight, age approx. 10 weeks) were pur-
chased from a commercial fattening farm. Gilts were
divided into two experimental groups. Laparotomy
was performed under pentobarbital anaesthesia
(Vetbutal, Biowet — Poland, 30 mg/kg of body
weight, i.v.) and a total of 10 µl of 5% Fast Blue (FB)
suspension (Dr Illing, Germany) was injected into the
wall of the appropriate part of the uterus. 5 por-
tions of 2 µl each of FB suspension were injected
using a Hamilton microsyringe equipped with a 26
G needle. Three animals were injected into the dor-
sal wall of the uterine cervix, and three animals were
injected into the middle part of the uterine horn.
Injections into the wall of the uterine horn were per-
formed on the side opposite to the ligamentum latum
uteri. To avoid leakage the needle of the syringe was
left in place for one minute. The wall of the uterus
was then rinsed with physiological saline and gently
wiped with gauze. After 3 weeks animals were deeply
anaesthetised (as for abdominal surgery) and per-
fused transcardially with 4% paraformaldehyde in
0.1 M phosphate buffer (pH 7.4). The animals were
then dissected and the uterine cervici with paracervical
ganglia (PG) were collected. Tissues were post-fixed
for 2 hours in the same fixative, transferred to 18%
sucrose in 0.1 M phosphate buffer (pH 7.4) and
stored at 4oC.
Horizontal 12 µm frozen sections of the uterine
cervix were mounted on chrome alum-gelatine-
coated slides, dried, and stored desiccated at –70o C.
Sections were processed for immunofluorescence.
Slides were hydrated in phosphate buffered saline,
pH 7,4 (PBS) and incubated with appropriate pri-
mary antibodies. Stainings were done with the fol-
lowing primary antibodies: NPY, VIP, GAL, MEAGL,
CGRP and TH. Antibodies used are listed in Table 1.
Incubations were carried out overnight (16–18 h) at
room temperature (RT). Slides were rinsed in PBS and
incubated with secondary antibody: rhodamine-con-
jugated swine anti-rabbit IgG (R156, DAKO, Den-
mark, 1:50) for slides incubated with NPY, VIP, GAL,
MEAGL and CGRP or fluoresceine-conjugated goat
anti-mouse IgG (1211–3291, Cappel, USA, 1:200) for
slides incubated with TH antibody. Incubations were
carried out for 1 h at RT. Slides were rinsed in PBS,
covered with 1:1 mixture of glycerol and PBS,
coverslipped and examined under Leitz Aristoplan epi-
fluorescence microscope for the presence of FB-
-containing (FB+) with filter set D. Fluorescence of
rhodamine- and fluoresceine-labelled structures was
observed using filter sets N2.1 and I3, respectively.
In the experiments, the principles of laboratory
animal care followed the National Institute of Health
Guide (NIH publications No. 80–23, Rev. 1978) and
national law on animal experimentation.
RESULTS
After tracing to the uterine cervix, approx. 80%
of FB-positive neurones in pelvic ganglia were TH-
positive (Figs. 1, 2), versus 50% of total number of
neurones of paracervical ganglion displaying immu-
noreactivity to TH. These neurones were distributed
both in small neuronal clusters where only single
FB-positive neurones were visible and in big clus-
ters where up to 30% of neurones were FB-posi-
tive. FB-positive neurones located in small clusters
were usually TH-negative, while in big clusters virtu-
ally all FB-positive neurones were TH-positive. 65%
of FB+ neurones contained NPY (Figs. 3, 4), versus
Table 1. List of primary antibodies
Substance Type Dilution Code Manufacturer
TH Mouse, 1:50 1017381 Boehringer
monoclonal Mannheim
NPY Rabbit, 1:500 RPN1702 Amersham
polyclonal
VIP Rabbit, 1:500 8827009 Incstar
polyclonal
GAL Rabbit, 1:500 RAS7153N Peninsula
polyclonal
MEAGL Rabbit, 1:2000 R-0171 N. Yanaihara,
polyclonal Japan
CGRP Rabbit, 1:500 RPN1842 Amersham
polyclonal
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Figures 1–10. Horizontal pairs of photographs show the same section in which FB (left) or rhodamine/fluoresceine (right) was visualised;
 FB-positive neurones (Fig. 1) show immunofluorescence to TH (Fig. 2; arrows); FB-positive neurones (Fig. 3) show immunofluorescence
to NPY (Fig. 4; arrows); FB-positive neurones (Fig. 5) show immunoreactivity to VIP (Fig. 6; small arrow). Big arrow points FB-positive
neurone which is VIP-negative; FB-positive neurones (Fig. 7) show immunoreactivity to MEAGL (Fig. 8; small arrow). Big arrow points
FB-positive neurone which is MEAGL-negative; FB-positive neurones (Fig. 9) show immunoreactivity to CGRP (Fig. 10; arrows).
Bar 100 mm in Figs. 1– 4, 7, 8–10 and 150 mm in Figs. 5, 6.
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45% of total number of neurones in paracervical
ganglia. The distribution of NPY-positive neurones
innervating the uterus was more even. They occurred
equally often in small and big neuronal clusters.
Immunoreactivity to NPY was seen either as smooth,
diffuse immunostaining, or as brightly fluorescent
floccules surrounding the nucleus, located in cytoplasm.
35% of FB-positive neurones (versus 40% of total popu-
lation) contained VIP (Figs. 5, 6). Those neurones dis-
played rather even, diffuse immunostaining of the cy-
toplasm. 55% of FB-positive neurones (versus 45% of
total population) contained immunoreactivity to
MEAGL (Figs. 7, 8) which was visible as delicate sand-
like granules located in cytoplasm. 10% of FB-positive
neurones were CGRP-positive (Figs. 9, 10), and the
percentage of CGRP-positive neurones in total popu-
lation of neurones in paracervical ganglia was also
close to 10%. Immunoreactivity to CGRP was seen in
these neurones both as diffuse immunostaining and
as delicate granules in the cytoplasm. No FB-posi-
tive neurones contained simultaneously GAL+.
After tracing to the uterine horn, virtually all FB-posi-
tive neurones were TH-positive. They were present only
in big clusters of neurones. 43% of FB-positive neurones
were NPY-positive, 39% were VIP-positive, 44% were
MEAGL-positive. No CGRP- and GAL positive/FB-posi-
tive neurones were detected in paracervical ganglia af-
ter tracing to the uterine horn (data not shown).
DISCUSSION
The pelvic ganglia of the female did not attract
much attention in the past and our knowledge of
the immunohistochemical characteristics of neurones
located there is limited. Papka et al. [20] described
TH-, NPY-and VIP-positive neurones in the rat
paracervical ganglion, while neurones immunoreac-
tive to enkaphalins and CGRP were absent. Similarily,
Morris and Gibbins [17] did not detect any immu-
noreactivity to enkephalins and CGRP in the
paracervical ganglion of the guinea pig. Papka and
McNeill [22] reported absence of neurones immu-
noreactive to CGRP and GAL in the rat paracervical
ganglion. On the other hand, Häppölä et al. [10]
detected in the porcine paracervical ganglion a dis-
tinct population of neurones containing MEAGL,
which suggests species-related differences in immu-
nohistochemical characteristics of neurones located
in the ganglia of the female pelvic plexus.
Even less information is available on the immuno-
histochemical characteristics of neurones responsible
for the innervation of the uterus which are located in
the pelvic plexus. However, Alm and Lundberg [2]
revealed that in the guinea pig all neurones innervat-
ing the uterus were adrenergic, which is similar to
the situation found in the pig, where the majority of
uterus-innervating neurones displayed immunoreac-
tivity to TH. The results suggest that the paracervical
ganglia preferentially supply the uterus with adren-
ergic nerve fibres. This fact is consistent with the find-
ing that FB-positive neurones located in pelvic gan-
glia are more often NPY-positive (65%) than the total
population of paracervical neurones (45%) and NPY
is known to co-exist with noradrenaline in sympathetic
neurones [25].
VIP is regarded as a co-transmitter present in
cholinergic neurones [14]. VIP-positive uterus-pro-
jecting neurones found in the porcine paracervical
ganglion may be responsible for the cholinergic,
vasorelaxatory action of the neurones of the
paracervical ganglion [4]. What must be, however,
elucidated is the content of TH in the population of
uterus-projecting neurones of the paracervical gan-
glion. Our finding that the majority of FB-positive
neurones is TH-positive suggests that at least a sig-
nificant fraction of VIP-positive neurones of the
paracervical ganglion innervating the uterus must be
TH-positive (although not necessarily sympathetic).
MEAGL is a member of the enkephalin family,
which is thought to play a vasomotor role in periph-
eral tissues. MEAGL-positive nerve fibres were de-
tected in the porcine uterus around blood vessels
and in muscular membrane [9, 10]. The relatively high
number of MEAGL-positive neurones projecting to
the uterus found in pelvic ganglia suggests that this
source contributes significantly to the innervation
of porcine uterus with MEAGL-positive nerve fibres.
CGRP is a peptide being a co-transmitter in affer-
ent fibres [6], but it exerts also a potent vasodilatory
effect [16]. Finding CGRP-positive neurones respon-
sible for the innervation of the uterus located in pel-
vic ganglia suggests that the peptide may mediate
the vasomotor influence of paracervical ganglion
neurones on the uterus. It suggests also signifi-
cant species-related differences in the system of
CGRP-positive nerve fibres supplying the uterus, as
no CGRP-positive neurones were found in the
paracervical ganglia of the rat and guinea pig [17,
20]. Because CGRP was found also in uterus-project-
ing neurones in porcine spinal ganglia (Wasowicz,
unpublished) it is clear that two distinct populations
of CGRP-positive nerve fibres exist in the porcine
uterus [8].
The data on the presence of GAL in the neurones
innervating the porcine uterus are consistent with
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those obtained by other authors. Papka and Traurig
[21] did not find the paracervical ganglion to be an
origin of GAL-positive nerve supply of the uterus. In
the porcine paracervical ganglia no GAL-positive,
uterus-projecting neurones were detected. This
means that this ganglia cannot be a source of GAL-
positive uterine nerve fibres. It corresponds with an
extremely low number of GAL-positive nerve fibres
found in the porcine uterus (Wasowicz, unpublished).
While Papka & Traurig [21] found spinal ganglia to
be responsible for supply of the rat uterus with GAL-
positive nerve fibres, we did not find GAL in porcine
spinal ganglia (Wasowicz, unpublished).
Our findings contribute to the knowledge of the
biologically active substances in the autonomic gan-
glia of animals and may deliver clues about the sig-
nificance of autonomic ganglia in the physiological
processes in internal organs, in this case the female
reproductive system. Our findings point also to some
species-related differences which must be taken into
consideration when adopting results of studies on
the reproductive system of laboratory animals to di-
agnostics and therapy in medicine.
ACKNOWLEDGEMENTS
We thank Prof. N. Yanaihara for the generous
gift of the MEAGL antibody and Mr Aleksander
Penkowski for the preparation of photographs.
REFERENCES
1. Alm P, Aluments J, Hakanson R, Helm G, Owman Ch,
Sjöberg N-O, Sundler F (1980) Vasoactive intestinal
polypeptide nerves in the human female genital tract.
Am J Obstet Gynecol, 136: 349–351.
2. Alm P, Lundberg LM (1988) Co-existence and origin of
peptidergic and adrenergic nerves in the guinea pig
uterus. Cell Tiss Res, 254: 517–530.
3. Bell C (1968) Dual vasoconstrictor and vasodilator in-
nervation of the uterine arterial supply in the guinea-
pig. Circ. Res, 23: 279–289.
4. Bell C (1972) Autonomic nervous control of reproduction:
circulatory and other factors. Pharmacol Rev, 24: 657–736.
5. Costa M, Furness JB (1973) Observations on the anatomy
and amine histochemistry of the nerves and ganglia which
supply the pelvic viscera and on the associated chromaf-
fin tissue in the guinea-pig. Z Anat Rnt Ges, 140: 85–108.
6. Fuller RW, Conradson TB, Dixon CM, Crossman DC,
Barnes PJ (1987) Sensory neuropeptide effects in hu-
man skin. Br J Pharmacol, 92: 781–788.
7. Gu J, Polak JM, Su HC, Blank MA, Morrison JFB,
Bloom SR (1984) Demonstration of paracervical gan-
glion origin for the vasoactive intestinal polypeptide-
containing nerves of the rat uterus using retrograde
tracing techniques combined with immunocy-
tochemistry and denervation procedures. Neurosci
Lett, 51: 377–382.
8. Happola O, Lakomy M. (1989) Immunohistochemical
localization of calcitonin gene-related peptide and
bombesin/gastrin-releasing peptide in nerve fibers of
the rat, guinea pig and pig female genital organs. His-
tochemistry, 91: 211–218.
9. Happola O, Lakomy M., Yanaihara N (1989) Met5-en-
kephalin- and Met5-enkephalin-Arg6-Gly7-Leu8-immu-
noreactive nerve fibers in the pig female reproductive
system. Neurosci Lett, 101: 156–162.
10. Happola O, Lakomy M., Yanaihara N (1990) Immu-
nohistochemical localization of Met5-enkephalin-
Arg6-Gly7-Leu8 in the female genital organs and the
paracervical ganglion of the pig. Hostochemistry, 93:
479–484.
11. Hondeau E, Prud’homme M.-J, Rousseau A, Rous-
seau J-P (1995) Distribution of noradrenergic neu-
rons in the female rat pelvic plexus and involvement
in the genital tract innervation. J Auton Nerv Syst,
54: 113–125.
12. Inyama CO, Hacker GW, Gu J, Dahl D, Bloom SR, Polak
JM (1985) Cytochemical relationships in the paracer-
vical ganglion (Frankenhauser) of rat studied by im-
munocytochemistry. Neurosci Lett, 55: 311–316.
13. Kanerva L (1972) Development, histochemistry and
connections of the paracervical (Frankenhauser) gan-
glion of the rat uterus. Acta Instum Anat Univ Helsin-
ki, Suppl 2.
14. Masuo Y, Matsumoto Y, Tokito F, Tsuda A, Fujino M. (1993)
Effects of vasoactive intestinal polypeptide (VIP) and pitu-
itary cyclase-activating polypeptide (PACAP) on the spon-
taneous release of acetylcholine from the rat hippocam-
pus by brain microdialysis. Brain Res, 611: 207–215.
15. Mattiasson A, Ekblad E, Sundler F, Uvelius B (1985)
Origin and distribution of neuropeptide Y-, vasoactive
intestinal polypeptide- and substance P-containing
nerve fibers in the urinary bladder of the rat. Cell Tiss
Res, 239: 141–146.
16. McEwan J, Larkin S, Davies G (1986) Calcitonin gene-
related peptide: a potent dilator of human epicardial
coronary arteries. Circulation, 74: 1243–1247.
17. Morris JL, Gibbins IL (1987) Neuronal colocalization of
peptides, catecholamines and catecholamine synthe-
sizing enzymes in guinea pig paracervical ganglion.
J Neurosci, 7: 3117–3130.
18. Owman C, Alm P, Sjöberg N-O (1983) Pelvic autonom-
ic ganglia: structure, transmitters, function and ste-
roid influence. In: Elfvin L-G (Ed). Autonomic ganglia,
Viley, New York, NY, pp 125–143.
19. Owman C, Stjernquist M. (1988) Origin, distribution
and functional aspects of aminergic and peptidergic
nerves in the male and female reproductive tracts. In:
Björklund A, Hökfelt T, Owman C (eds). Handbook of
chemical neuroanatomy, Vol 6: The peripheral nervous
system, Elsevier, Amsterdam, pp 445–544.
20. Papka RE, Traurig HH, Klenn P (1987) Paracervical gan-
glia of the female rat: histochemistry and immunohis-
tochemistry of neurons, SIF cells and nerve terminals.
Am J Anat, 179: 243–257.
21. Papka RE, Traurig HH (1989) Galanin-immunoreactive
nerves in the female rat paracervical ganglion and uter-
ine cervix: distribution and reaction to capsaicin. Cell
Tiss Res, 257: 41–51.
20
Folia Morphol., 2002, Vol. 61, No. 1
22. Papka RE, McNeill (1993) Light- and electron-micro-
scopic study of sympathetic connections in the parac-
ervical ganglion of the female rat: special reference
to calcitonin gene-related peptide-, galanin- and ta-
chykinin (substance P and neurokinin A)-immunore-
active nerve fibers and terminals. Cell Tiss Res, 271:
417–428.
23. Papka RE, Traurig HH, Scheman M, Collins J, Copelin
T, Wilson K (1999) Cholinergic neurons of the pelvic
autonomic ganglia and uterus of the female rat: dis-
tribution of axons and presence of muscarinic recep-
tors. Cell Tiss Res, 296: 293–305.
24. Schultzberg M., Hökfelt T, Lundberg JM, Daalsgard CJ,
Elfvin L-G (1983) Transmitter histochemistry of auto-
nomic ganglia. In: Elfvin L-G (ed.). Autonomic ganglia,
Wiley, Chichester, pp 205–233.
25. Torres G, Bitran M., Huidobro-Toro JP (1992) Co-re-
lease of neuropeptide Y (NPY) and noradrenaline from
the sympathetic nerve terminals supplying the rat vas
deferens: influence of calcium and the stimulating in-
tensity. Neurosci Lett, 148: 39–42.
26. Wąsowicz K, Majewski M., Łakomy M. (1998) Distribu-
tion of neurons innervating the uterus of the pig. J Auton
Nerv Syst, 74: 13–22.
